TRANSLATION 
Desaiplion 

Ceramic Multi-Layer Component And Mefeod For The Production Thereof 

Fhe we ion elates a multilayer ceramic e p € c wising ^.x 
alternating cet mk laye s an i eopper-eomah ing e ectr >de V ers, * hieh sene in ; nemal 

cringed , , *\ o . x i o, v.-es «: -naeC , ^ r < , v ^ • ;c t ^ e. - :^ i » 
and wherein the .interna! electrodes that are connected to e cs,< ' .. n , v 

^ , - ^ s one atfote. A eosiptineat of this type and a method for its 

h^cu'^' : e - .< h i », e v * » . n^ \ , f o v , , - ^ n< 

The invention further relates to a method for producing the above-named 

»- * ^ ^ ^ . 

: " n * »v \, van r > - , ♦ * a method for produem- ;:n..vn turn* for 
multilayer piezoeer»;mc components wife „ \i internal electrodes is known, in which a 
PZT-type piezoceranhc powder (PZT - lead zirconate tiianate) is used. 
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metai^b viOMci/tj a iho u-CT,nro \v, b. - J; eo ?V -h ita-vn pn.\.ou-- 
* -~ v - - a- ♦ c , v n , , . 

' * ' - - »*v extend 

v ci k\s caw ,v.up,vs^ upriscd > J7 T c 
eeircdes jj. cnbcd The contacting x he Ag/Pd intern. ^xto^ wco-rjp c 
i - x Z't ~s :Uent of > 65 % v ^ 
fired on at approximately 700* C, Thfe firing on of the metal paste is conducted in an air 
>H"' rc h v nafK ad? cot mod in th „ , - < v tJ s 

zo ipietd} v e< ide reduc tivec nt ition ?. Howev< ? ieth >d is ict stated to a 
nultDsyei component with PZT ceramic ami eopper^ontainirw mejna dec * ies, since 
<u v -usiom jr> dtbtndering and or Onng-on temperatures reduction of the PZ T ceramic and 
4 y one specific, very low ( U'ge? 

- Pi hiss feAg^d externa! elect de nno 5 

n - u^etjoass 

With a component known trora the a >n n n DE 20023051 v b is possible to 
avoid the , w >vd" aitacv . t h\ okv ^cku , i j jased maPZ'I 
ccranneare! \**Vd ^o-^' _ » a* b k < „ v >n , « , . - ~w »d 'vov >n 

indicate which material would be suitable for bring an externa! electrodes in a 
^ v, v _ .... 



TRANSLATION 

K::T/DE2O04/O;:;2;T7 



The object ofihi m eitikm k td dkeli s? a rm (tilaj es eeramfc component with 
internal electrodes and external contacts for eoruacdn& the internal elecm-sdes <■ which 

electrodes wili oxidize. 

the beginning having the * »„ feature disclosed in claim L and one the process 

ie ceord • i 

The mveotion discloses a multilayer ceramic component comprising a stack of 
. v xx. s >^\-v ♦ r' u , " J., » h , ec-,; 

5 external coi tacts are arranged on exterior surfaces of the stack, opposite one another and 
perpendicular to the multilayer structure, wherein the internal electrodes that are 

1 * a a-vnhej 

• f -> « -om. , v0 x re;ah> 

> less! SON. 
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rhe ceramic ayersarepre >rablycc nprisec :era gre n fife 
s.T ^ ^ v degradable binding agent and can comprise a feoelectrie perovskite 
aerenw of ow aenem' e - p c.\r.A30i JspeoodA .-a - > N gT ^e ? 'b\Ti s *0 

The invent r u-iher discloses v < , >•-* ~*\ »\.v* „^ h v Kv 

in the invention, in which the binder removal or do-, noerntg. pu\ :nv,-o ;-,ad or 
completed at a temperature of <30CF C. The debiadering lakes place isnder a nitrogen 
stream with the addition or water vapor, wherein toe water vapor partial pressure is set 

e eenpanialpressareattheg m temperate* - ee 
the equilibrium points for Cu/Cu,0 and PhTiOj/Pb. The equilibrium point corresponds to 
an oxygen partial pressure at which both a reduced meud and a metal compound that 
corresponds to this metal are thermodyaamie^iiy sthMe mi can coexist without diffusing 

- 1 - -entfon, the paste binders are eomp , 

eocj urspboe , .\npt V „ nrm/ c < 

30(F C\ because at higher debmdering temperatures the oxygen, which is insufficient to 
buns off die carbon contained m the organic binder, is partially drawn out of the ceramic 
\ , r *\ ^ 5 , < s ' 

invenbaa in thai the dabiiidenrig n performed in a n ^ stream that is charged wuh 



wafer vapor, resulting in hydro) ytic separation. The addition of the water vapor causes fee 
> v\ue . , os <\ „v . >. >, — > t > , 
>res; - does kh drop be i specific level « 
redttcttvely degrade. 

Tiku ,J syge o ^ , - c\cOu-i oo- ; 

at which fee metallic copper would begin to oxidize at the given temperature. 

m vo^. > *v o es -x „s selected to k on t >< . ^ 
processes in the ceramic remain adequately inhibited, while at the same time the copper 
eonusket otal pas 

to correspond to the temperature not only during the debinderkg process but also during 
hn^on \ >euip,u>u,\ tk \ the piT) diagram ttH&feetwsen the^ltolum 
'MkO at each process tempera t ire 

The proportion okopper the metal paste h picvn ' k \, o w~ 
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k w>so;Ho to use eopper-c 
w « ^ s ^ . mm ^ . < - e . e r ^ . m \\>:i.r.:vw;:. 

tmeraal elects - coat coppe 



5 N „ pv ^ ^ - - . ^ •» 

e me- f m v m- x s. K-r ma rwle "\\ w^ . 5 s x , . ^ ^ *. w x 
acrylic res 



The glass flow (glass frit) is preferably cooaprned essemsaaiy of PbO and SICK but 
may also contain other components, for vxannf a Nay), AhCn and BaO. The proportion 
o d e $ ^ h^ \ 'u^ Ito- 

proportion of the glass flow are selected such that the glass frit contained m the metal 
o stent iccvk l eennnie.nl sereb 

first, wsnw a known process, a stack consisting of electrode layers placed one on 
top of another, w inch ie a finished component correspond to the internal electrodes, and 
me - <• < r u„ i „ . ^ > „ ^ y me ^< 

N ^ x v . v cm -j , mmV ho 
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The copper-containing metal pasts is also applied, for example vsa screen printing, 
posite sides of the stack of it c 5 «*, vf 

positioned one on top of another, 

the binder is rcn.es - - u _ 

urcof <3QCf C > < cc m . 

temperature. 

The voppor-containiiig metal paste k preferably fired on at bet* een "09 md ><- 

C. 

To prevent the reduction of the lead oxide contained in the ceramic, lattice bases 
made of metallic copper, which serve simultaneously as geitermg material can be used in 
* - , . * rev. „v $r\\.ricU *r lie no cutsets, 

v ^ ' n x ^ . j \ \n s v a a _ .vs. 
exemplary embodiments and the associated drawings. The figures contain schematic, not 
v ^ v <■ s v , ta r < s o .m - - - - a e e * , \a « v »« loenucal o: 
equivalent components arc assigned the same reference figures. The drawings show 

Figure 1 a perspective view of the structural design of a component of the 
invention 



Figure 2 a half-logarithmic representation, of oxygen partial pressure, which can be 
- - onoi vale vapor s a fond ofthete per i 
s< uili - n es for Cu C u ; 0 and Pb FoT.tO> 

hi Figure I a ceramic component with copper-containing external contacts AXJ 
C v \ . f e ^ ^ < ,v , r ^ 

ected o Jhe fei externa ctA S« d > 
containing sreeoim exact e second exts - ?. The 

interna,' c\ , ^ . o?k another by cerattic Isyfers KS- 

' Vs v < \t . on ' v e 

producer!, i'o= example, using the PZT-typc ceramic. 

The component shown here specifically represents a pie - * iecn ic ae ao? { , 
electrode layers and ceramic layers stacked one on top of another are referred to as a piezo 
stack. 

The fired -on externa? contacts ^ ARC art , - ccm.-een it? , 2 , 
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proportion of ceramic, which preferably is less than SO m% (m% - percentage by mass), 
*h.<. i *ie crt« \ ^ t e , 

having a specific grain size, for example an average grain size of between 0.2 and 0.0 urn. 

The ceramic portion in the racial paste serves especially to inhibit the ronnaoon of 

from i . d rite? em expansion properties of the ceramic materia! and the metallic copper, 

The tranvv; eMxenoeo onmkiem of the P/T-lype «.e* mac vnhm r„ - u anna 
range extending from room temperature to the Curie temperature is approximately LS - 
2.0 K while within the same temperature range metallic copper demonstrates a 
substantially higher therms! expansion coefficient of approximately 1 0 ppm/K. By 

e\kone; a> t o. j; ^>'u; ^ s v wp v ^ t i < < \ c canntnc >■> \ tvth for the 

' - s - - ' ' -5 m v „ce ■> . ' ^ s v _ i v a* i 

N! C v\Pe*\,m v\ T\ v <- k, - o > 
, 1 o - v * t - . 



h:;iv ;! SPP2 3.066! USN 
PCTPDE2004 002167 

Fo udjUS! r ; ■ » v ct> . : orpins 

proporeon i ibO; f,a ^jrir'o 3" x - cJ, s;nc< > 

for PZT-typc coram m. 

m > ,e-m > - m v - . v » tr - - 

fore? mp £ 1,4-jun s dispc inasoivc 
^ v ^spsrsio*: \$ v\c - «. * rn * 
above-named composition, and is hOT«\v . using a three-roller drawing machine. 

: \ v a; my— , match SO to I4if C m an air atmosphere. This is followed by a 
^ . -v } ^ >.„ - ^ r **aJs *hi 

oxidation of the metallic copper and the reducs s IbCb are prevented. In 

this, especially in die selection of the ' * ^ t \ , and dm dnmioo of die 
* sm no surmjj sat during the de 
— v m he idual solvent will be completely burned out of the memi 

paste. 

Because the glass tint contained m dm metal paste can diffuse quite extensively 
into the ceramic c ered ceramic iayers, the sinie 

eniperatare .ss selected to be v ~> J ! e s itiva 

n m „ v - ' v >o x < •> y , 
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at s»ch a sinter temperature glass portions, above ail silicon oxide, can be detected only 
within a narrow area of the ceramic layers that is adjacent to the external contacts. The 
external contacts adhere firmly and can be detached from the ptceo stack only with the 

> N ' s cPmentm 

v\\ " n >> . o - - - c ;> , 

gfc <.reWv ootn a v moem >< ^,e vusck 

The ceramic proportion preferably amounts to 40 ro% relative to Pre solids content 
the mi , - be - , 

layers. 

It is also within the scope of the invention to use a preferably chemically active 
ceramic powee or even > i es mically active additive), hers e so referred 
to i$o > ^aov,,.. „ ^ v e.i v r t , ■ » . \ cem c cneemM tnces 

v ,v . % e A U'aJ „ ». v. it X 

reaction product of the latter, or can chemically bind certain components. Furthermore, 
the ceramic additive can mart with the process atmosphere, for example it can release the 
m t mm T-c ravmss atmosphere as ormm,-p can .Ts-rh it, thereby dteoa\pen 

P^'? * vp ^ v x ^ - 

N ^ " „ ^ , ^ X 



instabilities in the electrode metallization is bonded, s preventing an undesirable 
debusum of this metal oxnle into the ceramic layers, 



Fhepo—v; >;>•;>..• - > oath C rt ce . pe>m , v x 
csampk to retard the Sintering of the metah is known m the art. According to the 
invention, however, the ceramic powder is used as a functional addihve that is chemically 
aenc.-ve, v v < « .is environment a , „ * » 

h cused, • 3 example, on the binding of Pb, which is reload \ • » m t ,t ; -J c » iKiX ^ 
remnnc materia ahomg s j h also possible for the ehea;w,dl> acOoe eeomnc 

powder to bind another component horn the cerainie mass especially during sintering, or 
to promote the release of certain components such «*, for example, oxygen from the 
v - v. ^ < ^ ' . . ,< - o i ; a v - v x v x v v. ?} ^ 

a requirement, however, that the ceramic powder will not chemically react with the metal 



so contrast to the metal paste that used lor the external electrodes, o the metal 
paste thar is si ah e ft t se ir the internal electrode layers preiend , no ? te* , do xes 
^ sed ' s particularly well suited for use as the chemit ; e ceramic 

powder In pL.ec of a dternlcally sctis c ceramic po* der the metal paste can also eontai r. 
1 " ~ * lia cove additive r ir kl.il ) the chs alb ctive ceramic powdf 
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fhe add < \ t < sr ( , ectreah 

surround thcuu wherein a line distribution of die ceramic particles among die nieial 
}&nkk p serve prevent sintc ec* forma? : hesinfe necks represei a 
v , n electrodes, in which die metal co a hug becomes 

a.-uchch no ; the ceurcm fo ami v, W\ • m; ; \ iee •< ,v t - v mwef > m\ ;n me eee.es 
so that ti issume a net-like struc 5 

component to component. The method of achieving a homogeneous .interns! electrode 

structure ~ k <. 

However the addition of the ceramic powder as specified in tlie invention also provides a 

substantial , os m- ax u p* ^ am <~ v .0-* known method. 

m v ^ -s ^ v w ^ p 

water vapo - 1 s example by tin « umexie&Hy 

^ ■ ' - < ^ \ f >K m 

' v , > - n , , > < < \ -m ' , ' 

re a v at which metaJlic Co ami CipO can coexist, Metallic copper exists only at an 
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* < u ^at>. :r\ ' . r\^>\ O / \>r o.b.\.oe 

temperature, at which .metallic Pb and Pb'Hb can coexist. PbTiOs exi&ls only above the 

ve2. A essure p r , 2 that d dib e 

selects eu ;ra*«nsi the FbTi0 3 contained in the ceramic n x disced to Ft 

hsi :1 v k v, * * c , K I \ i ^ s v . „ * hvv^-noa 

for producing a multilayer ceramic component, the oxygen partial pressure p ;;J is adjusted 
by adding water vapor such that it does not exceed the maximum level p mx as defined by 
5 > netafliccoppci b ?ubk >u av wbhx drop ebv- he 
^ xs \ indicated by the c \e I Ussch '.ex naa: is d 

" v ra pressure thus lies between the carves ! and 2. 

I e et ve de< bes th y>aa pari pros > defined b 

N - ' v - s s ^ The 

also possible , numeady or automatically control the drop ai the oxygen partial pressure 
^ v s R'wtcs dc< 
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1 » v ! I , { , 

2 Characteristic curve for the equilibrium of Pb rod ^ 0 in the diagram 

Dcrature 

contact 



KS Ceramic layer 

IE2 ernai est u v 

Hi Oxygen, par 

pssstt ! - ■ <V \>^ r : ' a. pressure 

Ptmx .laM.n. i '^y-enr.r; a! pressure 

Th Debindering temperature 



-15- 



